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In frame of De Launay model, the expression for elements of dynamical matrix of graphene
have been deduced with accounting interatomic forces on the first six neighbor atoms. The cal-
culation of phonon dispersion of graphene in I'K and I'M directions is done via known values of
radial and tangential force constants on the first five neighbor atoms. Calculated phonon disper-
sion is in satisfactory agreement with experimental phonon spectra of graphite measured by
another authors. In long wave approximation, the equations for estimation of elastic constants
of graphene have been obtained from the expressions of elements of dynamical matrix.
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Junamiuna marpuna ajia rpadeny. I. Maemapcyper , II. Amapmaiisan, I.Ianmynea,
JI.Ernxmop, LIIpumyna

B pamrax momesi Jle Jlane orpuMani Bupasu 11 eJIEMEHTIB JUHAMIYHOI MaTpHIIl rpadeHa 3
ypaxyBaHHAM MiKaTOMHOI B3aeMOMIl IIePIINX IIIeCTH CYyCLIHIX ATOMAaX. 3 BUKOPUCTAHHAM BIIOMUX
3HAYeHb paJiaJIbHUX Ta TAHIEHINAJbHUX CHJIOBHUX IOCTIMHMX [JIS IIEePIIMX IIATHA CYCLIHIX
aToMiB po3paxoBaHa muciepcida ¢goHoHiB y Hanpamrax 'K ta I'M, axa 3amoBliabHO 30iraerbesa
3 EeKCIepUMEHTAJILHUM (POHOHHUM CIHEKTPOM TrpadiTy, BUMIPSIHUM I1HITUMHU aBTOpaMu. Y
JIOBMOXBWJILOBOMY HAOJIMKEHHI BUPA31B JIJIA €JIEMEeHTIB JUHAMIYHOI MATPUIL OTPUMAH] (POPMYJIH
JUJIsI OIIIHKY IIPY?KHUX MTOCTIMHUX TpadeHa.

1. Introduction

Several models applied to description of the dynamical matrix of graphene and carbon nano-
tubes [1-3]. The expressions for elements of dynamical matrix in frame of De Launay model were
described for carbon nanotubes and used for estimations of elastic constant, Yong modulus, and
Poissons ratio via data of Raman frequencies [1]. In framework of the Born-von Karman model,
Falcovsky suggested elements of dynamical matrix via force constants of graphite on first three
neighbor atoms [2]. Using its Falcovsky calculated phonon dispersion of graphene in high-sym-
metry directions but did not compare with experimental phonon spectra of graphite. Gray et. al
[3] on the background of the Born model obtained expressions for elements of dynamical matrix of
graphene, by fitting of experimental phonon dispersion of graphite [4] estimated force constants on
first the shell and using its calculated phonon dispersion in high symmetry directions. But calcu-
lated phonon dispersion is different from the experimental phonon dispersion of graphite [4].

In this work, we developed the De Launay model for description of dynamical matrix of gra-
phene. The calculations of phonon dispersion and elastic constants of graphene are done in com-
parison with experimental results [4,5].
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Fig. 2 First Brillouin zone of graphene.

Fig.1 Crystal structure of graphene layer. There
are two atoms in unit cell.

2. Dynamical matrix of graphene

The two-dimensional crystal structure of graphene shown in Fig.1. It has two sublattices: red
balls belong to the first sublattice, and blue balls belong to the second sublattice. The translation
vectors @, and d, have absolute value of a= aO\/§ where g, =1.42+ 1is distance between near-
est atoms. In Fig. 2 shown first Brillouin zone of graphene. The high-symmetry points I', K and M
are shown. Distance between points 'K is 4w/3a, and distance I''M is 2%/ a3 .

The dynamical matrix of graphene layer for in-plane vibrations has the form:

D DM D Dx“‘yB

xy

AA AA AB AB
ny D ny Dyy

Yy
AB* AB* AA AA
D> D; D; Dy

AB* AB* AA AA

ny Dyy ny Dyy
The dynamical matrix for out-plane vibrations has the form:
D D
DZ} ’ DZZA

In frame of De Launay model [6] we derived expressions for the elements of dynamical matrix of
graphene with accounting interatomic interaction in the first six neighbor atoms. There are
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Fig. 3 Calculated phonon dispersion for graphene in directions of symmetry. For comparison, experimen-
tal data of phonon frequencies of graphite is shown [4]. The solid lines represent calculated dispersion
curve, the black squares depict the experimental phonon frequencies of graphite.
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Where g, and q, are components of wave vector q, «, is radial force constant, 3, is tangential force
constant (in plane), ~. is tangential force constant (out plane), i =1,2,...,6.
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3. Results of calculations and discussion

The dispersion of phonon frequencies v(q) in symmetric directions can be calculated by solution
of secular equation:

ID(a) - 4w’ 1| =0,

where D(q) is dynamical matrix, Iis the unity matrix, m is the atomic mass. For verification of
suggested expressions for elements of dynamical matrix, we calculated the phonon dispersion of
graphene along the high symmetry directions via set of known force constants [4]. In Fig. 3 shown
calculated phonon dispersion of graphene along 'K and I'M directions in comparison with experi-
mental data for graphite [4]. The calculated phonon dispersion curves are in satisfactory coinci-
dence with experimental values of phonon frequencies of graphite [4].

For estimation of elastic constants of graphene, from the expressions of dynamical matrix in
longwave approximation (q—0) we derived following equations:
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Where m=12.0107 u is atomic mass of carbon, p =2.266 g/cm? is density of graphite. We calcu-
lated by these equations elastic constants for graphene via radial and tangential force constants
for first five neighbor atoms [4]. The results of calculations are given in Table 1 in comparison with
the experimental data for graphite [5] and results of calculations for graphene [2]. Calculated in
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Table 1. Elastic constants for graphite and graphene (109 N/m?2)

Cyy Co Cyy
Experiment for graphite [5] 106 18 0.035
Graphene [2] 86 18 0.57
Graphene [this work] 139.91 14.49 -0.05

this work values of C;; and C,, agree satisfactorily with experimental data for graphite. But the
estimated value of C,, with opposite sign. The elastic constant C,, of graphene calculated by Fal-
covsky [2] coincides with experimental result of graphite, C,; agrees in order of magnitude with the
experimental value for graphite.

4. Conclusion

New expressions for elements of dynamical matrix for graphene are suggested. Results of cal-
culation of the phonon dispersion of graphene in high symmetry directions are in satisfactory co-
incidence with experimental data of graphite. Estimated values of elastic constant C;; and C,, for
graphene are comparable with corresponding experimental values for graphite. Within the frame-
work of the De Launay model, the possibility of calculating the lattice dynamics of the graphene
has been shown.
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